Type 1 diabetes mellitus (T1DM) has been linked to many autoimmune problems. The association between T1DM and urticaria warrants investigation. Data were extracted from the National Health Insurance Research Database (NHIRD) of Taiwan. Participants with T1DM were recruited as the case group, and that group was matched by sex and age at a ratio of 1:4 to the control group comprising those without T1DM. The study period was 1998-2011. All participants were followed up to the diagnosis of urticaria, withdrawal from the insurance program, death, or the end of the study. A multivariable Cox proportional hazard model was used to calculate the adjusted and crude hazard ratios for urticaria. A total of 5895 participants (1179 in the case group and 4716 in the control group) were followed up in the study. The total incidence rate of urticaria in patients with type 1 DM was 26.6 per 1000 person-years, and that in controls was 6.85 per 1000 person-years. Compared with the control group, the hazard ratio of urticaria in the case group was 2.84 (95% CI = 2.27-3.56). Compared with age-matched participants without T1DM, patients with type 1 DM aged <18 years had a 3.62-fold higher risk of urticaria (95% CI = 2.85-4.59). The hazard ratio in patients with an adjusted Diabetes Complications Severity Index (aDCSI) score of 1.01-2.00 per year was 2.57 (95% CI = 1.18-5.57), and that in patients with an aDCSI score of >2.00 per year was 4.47 (95% CI = 2.68-7.47). T1DM patients aged <18 years had an increased risk of urticaria, but a similar phenomenon was not observed among T1DM patients older than 18 years.
Introduction
Urticaria, either acute or chronic, is a troublesome skin disorder with the presentation of hives and an itching sensation [1] . Acute urticaria is defined when the symptom duration is less than six weeks [2] . Acute urticaria often spontaneously resolves and has an identifiable etiology, therefore, further laboratory investigations, as conducted for chronic diseases, are not always required [3] . If the skin condition is intermittent or persistent and lasts for more than 6 weeks, it is considered chronic [4] . The manifestations of chronic urticaria are the release of histamine and proinflammatory cytokines from activated and degranulated mast cells [5] . Chronic urticaria comprises both chronic spontaneous urticaria (CSU) and chronic inducible urticaria, which includes physical and nonphysical urticaria [6] . CSU accounts for 80% of chronic urticaria cases, and autoimmunity is hypothesized to be one of the most frequent causes of CSU [7] . Confino-Cohen et al. reported that chronic urticaria is associated with autoimmune thyroid disorders, the presence of antithyroid antibodies, rheumatoid arthritis, Sjögren syndrome, celiac disease, type 1 diabetes mellitus (T1DM), systemic lupus erythematosus, and others [8] . Therefore, for chronic urticaria, laboratory workup is often required for the evaluation of its accompanying manifestation in other organs and to survey for autoimmune diseases [9] .
Previous studies have indicated that chronic urticaria is less prevalent in children than in adults, and most urticaria studies have focused on adults [10, 11] . However, Lee et al. showed that approximately 1.8% of children have chronic urticaria, which is comparable to the prevalence in the adult population [12] . The German birth cohort study reported that the cumulative prevalence of urticaria in children aged 10 years was 14.5% for boys and 16.2% for girls [13] . Furthermore, Fricker et al. found a higher prevalence of chronic urticarial in Asian populations vs. European and North American populations [14] . Therefore, although the prevalence of childhood urticaria has been reported [13] , few studies have investigated the etiology of chronic urticaria in children.
Whether urticaria in children is also associated with autoimmune disease, similar to the phenomenon observed in adults remains unknown. Type 1 diabetes mellitus is a well-recognized autoimmune disease associated with autoantibodies in pancreatic islet cells. Therefore, we determined a type 1 diabetes mellitus disease model. We conducted a nationwide cohort study aiming to investigate the incidence of urticaria in type 1 diabetes mellitus children and adults.
Methods

Data Source
The National Health Insurance Administration of Taiwan established a national health insurance program in 1995. The National Health Insurance Research Database (NHIRD) of Taiwan was subsequently constructed to improve medical research resources in Taiwan. Specifically, 99% of the residents of Taiwan are enrolled into the NHI program, and their medical information is recorded in the NHIRD. Catastrophic illness data in the NHIRD were utilized to conduct the present study. The identification data for all patients were encrypted to ensure their privacy. The disease codes were recorded by physician specialists according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved by the Research Ethics Committee of China Medical University and Hospital in Taiwan (CMUH104-REC2-115-CR4).
Study Sample
The study cohort consisted of case and control groups. Participants with T1DM (ICD-9-CM codes 250.x1 and 250.x3) were recruited as the case group. To ensure the correct diagnosis of urticaria, we defined patients with newly diagnosed urticaria as those with at least three claims for outpatient and/or hospitalization visits. The control group included individuals without T1DM. This study excluded patients with type 2 DM (ICD-9-CM code 250), gestational diabetes mellitus (GDM) (ICD-9-CM code 648.83), and atopic diseases (allergic conjunctivitis: ICD-9-CM codes 372.05, 372.10, and 372.14; asthma: ICD-9-CM code 493; atopic dermatitis: ICD-9-CM code 691.8; allergic rhinitis: ICD-9-CM codes 477.0, 477.1, 477.2, 477.8, and 477.9; urticaria: ICD-9-CM code 708). The age criterion was younger than 30 years of age. The study period was 1998-2011. One T1DM patient was matched by sex and age to four people in the control group. The study cohort was followed up to the point of diagnosis of urticaria, withdrawal from the insurance program, death, or the end of the study.
Main Outcome and Covariates
The primary outcome of this study was the diagnosis of urticaria (ICD-9-CM code 708). The cohort was divided into two groups by using 18 years of age as the cutoff. The aim of this study was to investigate whether T1DM "children" had a lower or higher incidence of urticaria. Therefore, we compared T1DM patients less than and older than 18 years. However, it has been reported that chronic urticaria is associated with metabolic syndrome [15] , which is prevalent among adults, especially those older than 30 years of age. To minimize the baseline bias as a result of other age-related confounding factors, we compared T1DM children and T1DM adults less than 30 years old. The urbanization level was categorized into four levels (level 1: very high population density; level 4: low population density). The NHRI stratifies all city districts and townships in Taiwan into seven urbanization levels, based on population density (people/km 2 ), proportion of residents with higher education, elderly and agricultural population, and the number of physicians per 100,000 people in each area. Level 1 represents areas with a higher population density and socioeconomic status, and level 7 represents the lowest. Because few people lived in more rural areas of levels 4-7, our study included these areas in the level 4 group. [16] The categories of parental occupation were white collar, blue collar, and others, including primarily retired, unemployed, or low-income populations. A related comorbidity, inflammatory bowel disease [17, 18] was also considered as a potential confounding factor.
Statistical Analysis
The chi-square test was performed to compare the difference in categorical variables between the case and control groups. Continuous variables were compared between the two groups using the Student's t test. Incidence densities of urticaria according to each variable were calculated for the two groups. The crude hazard ratio was estimated using a univariable Cox proportional hazard model. Sex, age, urbanization level, parental occupation, and inflammatory bowel disease were included in a multivariable Cox proportional hazard model for calculating the adjusted crude hazard ratio. The effect of the adjusted Diabetes Complications Severity Index (aDCSI) score change on urticaria in T1DM patients was also analyzed. The Kaplan-Meier method was utilized to determine the cumulative incidence of urticaria for the two groups. The level of statistical significance was set at a p value of <0.05.
Results
A total of 5895 participants (1179 in the case group and 4716 in the control group) were followed up in the study. Table 1 presents a comparison between the case and control groups of baseline demographic characteristics and comorbidities. Approximately 53% of all participants were female. The mean age of the control group was 18.7 (±7.47) years, and that of the case group was 11.1 (±6.52) years. Almost 90% of the patients in the case group were aged below 18 years. The follow-up duration of the control group (5.78 ± 4.02 years) was longer than that of the case group (5.17 ± 3.98 years). Individuals in both groups mainly lived in an area with a high level of urbanization. In the control group, 58.3%, 29.1%, and 12.6% of parents were involved in white-collar, blue-collar, and other occupations, respectively. Parental occupation in the case group was 53.1% white collar, 30.5% blue collar, and 16.4% other. The case group showed a slightly higher incidence of inflammatory bowel disease than the control group, which is comparable to previous studies [17, 18] .
As shown in Figure 1 , the cumulative incidence in the T1DM cohort was significantly higher than that in the control group (p < 0.001). Table 2 presents the incidence densities and hazard ratio of urticaria in the case and control groups. The total incidence rate of urticaria in patients with T1DM was 26.6 per 1000 person-years, and in the control group it was 6.85 per 1000 person-years. Compared with the control group, the hazard ratio of urticaria in the case group was 2.84 (95% CI = 2.27-3.56). The risk of urticaria in female participants with T1DM was 2.05 times higher (95% CI = 1.50-2.80) than for those without T1DM, and the relative risk in male participants was 4.35 times (95% CI = 3.08-6.16). T1DM resulted in a 3.62-fold increase in the risk of urticaria in people younger than 18 years (95% CI = 2.85-4.59). In the case group, patients living in areas with urbanization levels 1-4 had a higher risk of urticaria than those in the control group; in particular, patients who lived in an area with a very high urbanization level showed the highest relative risk (adjusted HR = 4.68, 95% CI = 3.01-7.27). Regardless of parental occupation, the risk of urticaria in patients with T1DM was higher than that in controls. The association between aDCSI score and urticaria in the case group is shown in Table 3 . We considered patients with aDCSI scores of 0-0.5 per year as the reference group. The risk of urticaria significantly increased in patients with aDCSI scores over 1.01. The hazard ratio in patients with aDCSI scores of 1.01-2.00 per year was 2.57 (95% CI = 1.18-5.57), and in patients with aDCSI scores of >2.00 per year it was 4.47 (95% CI = 2.68-7.47). Patients with higher aDCSI scores had a significantly higher risk of urticaria (p for trend < 0.001). 
Discussion
Urticaria has been reported to have a connection with autoimmune disease, such as Grave's disease, type 1 diabetes, and autoimmune thyroiditis [19] . However, until now, there have not been cohort studies to investigate the association between autoimmune disease like type 1 diabetes mellitus and urticaria. Our results revealed an increased risk of urticaria in children with T1DM compared with children without T1DM. There are several explanations for the results. First, it has been reported that the autoimmune disease of T1DM is associated with aberrant immune responses to pancreatic β-cells, and children with T1DM might also develop other organ-specific autoimmunity [20] . Second, fluctuation of glucose levels would also activate the mast cells of the skin and release of histamine. Third, children with T1DM might have an increased likelihood of medical visits and of urticaria diagnosis compared with non-T1DM matched children. Mazzetti et al. reported T1DM diagnosis following acute urticaria, one year later with positive anti-glutamic acid decarboxylase antibodies [21] .
Hyman et al. also reported diagnosis of T1DM and autoimmune thyroid disease following presentation of urticaria in children [22] . Furthermore, Brunetti et al. demonstrated that up to 31% of children with chronic urticaria had functionally active autoantibodies directed against the IgE or IgE receptor [23] . Therefore, we hypothesized that increased autoimmunity in children with T1DM might increase the likelihood of urticaria development. The increased incidence of urticaria in children with T1DM might be caused by insulin injections. Shore et al. described a patient who developed chronic urticaria after injection with porcine isophane insulin [24] . Sackey et al. reported that a 6-year-old boy with T1DM had recurrent urticaria at insulin injection sites [25] . Furthermore, the reduction in blood glucose levels might also be a trigger of urticaria. Kushe et al. reported that urticaria might be precipitated by glucose-lowering medication, as the marked reduction of blood glucose can cause a drop in body temperature, which serves as cold stimuli [26] . Besides, T1DM children have been reported as having more frequent hypoglycemic episodes and poor glycemic control [27] . As confirmed by a literature review, our study is the first nationwide-cohort study that demonstrates an association between T1DM and urticaria in children. Furthermore, our data demonstrates that T1DM is a significant risk factor for urticaria, regardless of urbanization level, income, and presence of inflammatory bowel disease; factors that have also been reported to be related to urticaria [28, 29] A similar association between T1DM and urticaria was not observed in adults in this study. This may be because we excluded those diagnosed with urticaria before enrollment into the study. It has been estimated that 15-23% of adults have experienced at least one episode of urticaria [12] ; thus, certain individuals might have had urticaria before T1DM diagnosis. Those who had T1DM and concomitant urticaria in childhood were not included in this study. Therefore, adults with T1DM would not have a significantly higher incidence of urticarial than non-T1DM matched adults. Our finding that the cluster incidence of urticaria in T1DM children rather than T1DM adults might also reflect the close time relationship between urticaria and T1DM. This finding again strengthened the speculation that autoimmunity plays a role in pathogenesis for urticaria.
This study has several limitations. First, information on the results of autoantibodies, total and specific IgE, differentiated blood count, erythrocyte sedimentation rate, C-reactive protein, autologous serum skin test, thyroid hormones and thyroid autoantibodies, antinuclear autoantibodies, surveys for infection and intolerance of specific food, urine analysis, skin prick tests, and investigation of autoimmune diseases is not available in the NHIRD. However, in our preliminary analysis, we considered and adjusted for many autoimmune diseases, including autoimmune thyroid disease, Addison disease, vitiligo, ankylosing spondylitis, inflammatory bowel disease, pernicious anemia, multiple sclerosis, systemic lupus erythematosus, rheumatoid arthritis, Sjögren syndrome, myasthenia gravis, and others. We excluded the aforementioned autoimmune diseases in our formal study because the case numbers were too few and nonsignificant. Second, we did not obtain detailed data through patient questionnaires, diaries, and calendars. Third, we used ICD-9 codes for ensuring the diagnosis of urticaria, which made it difficult to differentiate between acute or chronic urticaria and identify urticaria subtypes. Therefore, we could not perform further analysis based on the subtype of urticaria, such as physical urticaria, cold urticaria, or food urticaria, which is most associated with type 1 diabetes. Fourth, we matched gender and index year between study and control cohort. Therefore, the mean ages of these two cohorts were significantly different. Finally, we did not adjust for medical visits in our analysis. Because T1DM patients have a higher likelihood of utilizing medical care, surveillance bias may exist.
Conclusions
Our study showed that T1DM patients aged <18 years had an increased risk of urticaria, but a similar phenomenon could not be observed among T1DM patients older than 18 years. Our results indicate the possibility of urticaria development in children with T1DM.
